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© Buffer device suitable for asynchronous transfer mode communication. 



© A buffer device capable of dealing with multiple 
priority levels in which the efficiency of the memory 
capacity utilization can be improved such that the 
priority levels can be handled at the higher efficiency 
with smaller memory capacities, and which is adapt- 
able to a high speed buffer implementation. The 
device includes a data register array (10) containing 
empty data registers and imaginary FIFO queues, 
and an administrative register array (11) comprised 
of a two port RAM (11a,11b) for storing pointer 
#^ chains specifying the imaginary FIFO queues. The 
^ input of data is accompanied by the modification of 
the pointer chain to extend it, whereas the output of 
gjdata is accompanied by the modification of the 
^-pointer chain to shorten it, so that the imaginary 
m FIFO queues are administered in flexible manner in 
ps, order to achieve efficient memory capacity utiliza- 
COtion. The procedure for controlling the imaginary 
qFIFO queues can be executed in parallel because of 
the independency of read and write operations in the 
tt-two port RAM. 
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BUFFER DEVICE SUITABLE FOR ASYNCHRONOUS TRANSFER MODE COMMUNICATION 



BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to a buffer device 
which is particularly suitable for ATM(asynchronous 
transfer mode) communication system. 



Description of the Background Art 

Recently, much attentions have been paid to 
ATM in which information transfer capacities of a 
communication network are utilized in accordance 
with requests from communication terminals, as 
oppose to STM(synchronous transfer mode) in 
which the information transfer capacities necessary 
for communications are reserved in advance. 

In ATM, information is transferred in terms of 
short packets of fixed lengths called cells, and the 
information transfer capacities of the communica- 
tion network are utilized by each communication 
terminal by sending the cells to the communication 
network whenever a need arises. 

Compared with STM, ATM possesses advan- 
tages of being capable to provide an appropriate 
information transfer speed required by an individual 
communication terminal, and also to improve a 
communication efficiency because of the fact that 
the information transfer capacities of the commu- 
nication network are utilized in accordance with 
requests from the communication terminals. 

For this reason, ATM is considered to be a 
fundamental technique in constructing B-ISDN- 
(broadband-integrated services digital network) sys- 
tem in which information in diverse forms such as 
audio signals, visual signals, and computer data 
can be handled in a single unified manner. 

As mentioned above, in a communication sys- 
tem utilizing ATM, the information transfer capacit- 
ies of a communication network are utilized in 
accordance with requests from the communication 
terminals. From a point of view of the communica- 
tion network, this means the communication termi- 
nals are sharing communication paths in aa 
demand-driven manner. 

Now, for any system, not necessarily limited to 
the communication system with ATM, in which 
some kind of resources are shared in a demand- 
driven manner by terminals, buffer devices are 
indispensable. 

Such a buffer device must be equipped with an 
ability to temporarily store a number of request 
data representing requests from different terminals, 



such as cells in the communication system with 
ATM, so as to be able to handle plurality of re- 
quests to utilize a single resource in order. 

This temporary storage ability is usually re- 

5 alized by employing a so called FIFO (First In First 
Out) buffer in which request data arrived first goes 
out first, such that the earliest request to utilize the 
resource will be given a priority over the subse- 
quent requests. 

70 Here, however, when there are certain requests 
which should be given a higher priority than other 
requests, such FIFO buffer is obviously inadequate. 

In such a case, it is necessary to have priority 
order established, accompany each request data 

is with priority information indicating priority level of 
the request, and control the buffer output such that 
the request data with the highest priority goes out 
first. 

Conventionally, this is achieved by providing 

20 separate FIFO buffers for each priority levels, such 
that the request data with the highest priority which 
arrived first among all the request data with the 
highest priority goes out first. 

In such a conventional buffer structure, when 

25 one FIFO buffer for a particular priority level be- 
comes full, subsequent request data with that prior- 
ity level will be disregarded. Thus, when the re- 
quest data for a particular priority level are more 
numerous than those for the other priority data, a 

30 memory capacities of the entire buffer structure will 
be utilized at low efficiency, because a large num- 
ber of the request data with that particular priority 
level will be disregarded while the memory capacit- 
ies for the other priority levels are still available. 

35 To cope with such a problem, there has been a 
proposition of a multi-queue buffers by Y.Tamir and 
G.LFrazier in "High-Performance Multi-Queue Buff- 
ers for VLSI Communication Switch", Proceeding 
of International Conference on Computer Architec- 

40 ture '88, May 30-June 2, 1988. 

However, in their multi-queue buffers, link-lists 
were utilized in realizing the multi-queue, so that it 
has been difficult to adapt their multi-queue buffers 
to a high speed buffer implementation. 

45 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 
so to provide a buffer device capable of dealing with 
multiple priority levels in which the efficiency of the 
memory capacity utilization can be improved such 
that the priority levels can be handled at the higher 
efficiency with smaller memory capacities, and 
which is adaptable to a high speed buffer im- 
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plementation. 

This object is achieved in th present invention 
by providing a buffer device for receiving, tem- 
porarily storing and transmitting data accompanied 
by information indicating a priority level of the data, 
where there is at least two distinct priority levels, 
the device comprising: data register array including 
a plurality of data register means for temporarily 
storing the data, the data register means being 
divided into empty data register means storing no 
data and as many number of imaginary FIFO 
queues as a number of distinct priority levels, each 
imaginary FIFO queue being corresponding to each 
distinct priority level, and a number of data register 
means in each imaginary FIFO queue being flexi- 
ble; administrative register array comprised of a 
two port RAM means for modifiably storing the 
administrative information containing pointer chains 
specifying the imaginary FIFO queues in the data 
register array, having a write-in port through which 
the administrative information can be written into 
the administrative register array and a read-out port 
through which the administrative information can be 
read out from the administrative register array 
which are independently operable; data input 
means for receiving new data, entering the new 
data into one empty data register means, and 
modifying the pointer chain specifying the imagi- 
nary FIFO queue corresponding to a priority level 
of the new data indicated by the information ac- 
companying the new data, such that the pointer 
chain is extended to include that one empty data 
register means into which the new data is entered 
at an end of that imaginary FIFO queue; and data 
output means for taking out data stored in one data 
register means, transmitting the data, and modify- 
ing the pointer chain specifying the imaginary FIFO 
queue corresponding to a priority level of that data, 
such that the pointer chain is shortened to exclude 
that one data register means from which the data is 
taken from a top of that imaginary FIFO queue. 

Other features and advantages of the present 
invention will become apparent from the following 
description taken in conjunction with the accom- 
panying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of one embodiment 
of a buffer device according to the present inven- 
tion. 

Fig. 2 is a detailed block diagram of an 
administrative register array of the buffer device of 
Fig. 1. 

Fig. 3 is a flow chart for the input of input 
data in the buffer device of Ftg. 1 . 

Fig. 4 is a flow chart for the output of output 



data in the buffer device of Fig. 1 . 

Fig. 5 is a diagram showing imaginary FIFO 
queues, empty data registers, and pointer chains in 
the buff r d vice of Fig. 1 for explaining th ir 
5 functions. 

Fig. 6 is a diagram showing imaginary FIFO 
queues, empty data registers, and pointer chains in 
the buffer device of Fig. 1 for explaining their 
functions in the input of new data for a general 
w case. 

Fig. 7 is a diagram showing imaginary FIFO 
queues, empty data registers, and pointer chains in 
the buffer device of Fig. 1 for explaining the result 
of the input of new data explained in Rg. 6. 
75 Fig. 8 is a diagram showing imaginary FIFO 

queues, empty data registers, and pointer chains in 
the buffer device of Fig. 1 for explaining their 
functions in the input of new data for one special 
case. 

20 Fig. 9 is a diagram showing imaginary FIFO 

queues, empty data registers, and pointer chains in 
the .buffer device of Fig. 1 for explaining the result 
of the input of new data explained in Rg. 8. 

Fig. 10 is a diagram showing imaginary FIFO 

25 queues, empty data registers, and pointer chains in 
the buffer device of Rg. 1 for explaining their 
functions in the input of new data for another 
special case. 

Rg. 11 is a diagram showing imaginary FIFO 

30 queues, empty data registers, and pointer chains in 
the buffer device of Fig. 1 for explaining the result 
of the input of new data explained in Fig. 10. 

Fig. 12 is a diagram showing imaginary FIFO 
queues, empty data registers, and pointer chains in 

35 the buffer device of Fig. 1 for explaining their 
functions in the output of data for a general case. 

Fig. 13 is a diagram showing imaginary FIFO 
queues, empty data registers, and pointer chains in 
the buffer device of Rg. 1 for explaining the result 

40 of the output of data explained in Rg. 12. 

Fig. 14 is a diagram showing imaginary FIFO 
queues, empty data registers, and pointer chains in 
the buffer device of Fig. 1 for explaining their 
functions in the output of data for one special case. 

45 Fig. 15 is a diagram showing imaginary FIFO 

queues, empty data registers, and pointer chains in 
the buffer device of Rg. 1 for explaining the result 
of the output of data explained in Rg. 14. 

Rg. 16 is a diagram showing imaginary FIFO 

50 queues, empty data registers, and pointer chains in 
the buffer device of Fig. 1 for explaining their 
functions in the output of data for another special 
case. 

Rg. 17 is a diagram showing imaginary FIFO 
55 queues, empty data registers, and pointer chains in 
the buffer device of Fig. 1 for explaining the result 
of the output of data explained in Rg. 16. 

Fig. 18 is a diagram showing imaginary FIFO 
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queues, empty data registers, and pointer chains in 
the buffer device of Fig. 1 for explaining their 
functions when no data is stored in the buffer 
device. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to Fig. 1, there is shown one 
embodiment of a buffer device according to the 
present invention. 

In this embodiment, the buffer device com- 
prises a data register array 10 for temporarily stor- 
ing incoming input data, an administrative register 
array 1 1 for storing information concerning admin- 
istration of input and output of data in the data 
register array 10, a data input unit 12 for receiving 
input data and entering the input data into the data 
register array 10, a data output unit 13 for taking 
output data from the data register array 10 and 
transmitting the output data, write-in address regis- 
ters 141 -14m for indicating addresses in the data 
register array 10 for the writing of new data, read- 
out address register 151 -15m for indicating ad- 
dresses in the data register array 10 for reading of 
data, an empty address register head 16 for in- 
dicating a top of empty data registers, an empty 
address register tail 17 for indicating an end of the 
empty data registers, an arbiter 18 for arbitrating 
conflicting requests, a buffer status indicator 19 for 
indicating fullness of data in the data register array 
10, and a timing unit 1A for generating timing 
sequences for other elements of the buffer device. 

In this buffer device, incoming input data are 
received upon request by the data input unit 12 
and are written in the data register array 10 for 
temporarily storing data, and also outgoing output 
data are send out from the data output unit 13 
upon request by reading out the data in the data 
register array. 

The data register array 10 needs to be able to 
read and write with respect to data registers pro- 
vided within in correspondence with addresses 
used by the data input unit 12 and data output unit 
13, which can be realized by employing a semicon- 
ductor random access memory IC manufactured by 
using LSI technology. 

The administrative register array 1 1 is made of 
a two port RAM having m administrative registers 
(not shown in Fig. 1) for storing administrative 
information data as well as binary bit patterns in- 
dicating priority levels of the data stored in the 
corresponding addresses in the data register array 
10, a write-in port 11a for writing data into the 
administrative registers, and a read-out port 1 1b for 
reading data out from the administrative registers. 

In further detail, this administrative register ar- 
ray 11 in this embodiment has a configuration 



shown in Fig. 2. 

Namely, at the write-in port 11a, there is a 
decoder 1111 for decoding address entering to the 
write-in port 11a in order to select an appropriate 
5 administrative register to write the administrative 
information data in from the administrative registers 
1141-114m. 

Each of the administrative registers 11 41 -11 4m 
are associated on the write-in port 11a side with 

w AND gates 11 21 -11 2m for providing a write-in 
pulse signal for effectuating the storing of the bit 
pattern to the appropriate administrative register 
selected by the decoder 1111. 

On the other hand, at the read-out port 11b, 

75 there is another decoder 1112 for decoding ad- 
dress entering to the read-out port 11b in order to 
select an appropriate administrative register to read 
the administrative information data out from the 
administrative registers 1141-1 14m. 

20 Each of the administrative registers 11 41-1 14m 
are associated on the read-out port 1 1 b side with 
NAND gates 1131-1 13m for providing a clear pulse 
signal for clearing the bit pattern in the pertinent 
administrative register selected by the decoder 

25 1111. 

Each of the administrative registers 1141-1 14m 
also has a plurality of D-type flip flops 11 51 -11 5a 
each of which stores one bit of the bit pattern, and 
a plurality of 3-state buffers 11 61 -11 6a for activat- 

30 ing output of the administrative information data 
stored in that administrative register. 

The data input unit 12 receives the input data 
only when an input allowance is given by the 
arbiter 18, and write the data in the data register 

35 array 10 at an address indicated by a bit pattern 
stored in an empty address register head 16. 

In addition, the data input unit 12 updates the 
administrative information stored in the administra- 
tive registers 11 41 -11 4m in the administrative reg- 

40 ister array 1 1 , through the write-in port 11a and the 
read-out port 11b, by utilizing the empty address 
register head 16 and one of write-in address regis- 
ters 141 -14m which is selected in accordance with 
some predetermined bits of the bit pattern of the 

45 input data which indicates the priority level of that 
input data. 

The data output unit 13 reads out the data 
stored in the data register array 10 at an address 
specified by a bit pattern stored in one of read-out 

50 address registers 151 -15m which is selected in 
accordance with a bit pattern given externally 
which indicates the priority level of the output data, 
and send the data out as the output data, only 
when an output notice is given by the arbiter 18. 

55 In addition, the data output unit 13 updates the 
administrative information stored in the administra- 
tive registers 1141-1 14m in the administrative reg- 
ister array 11. through the write-in port 11a and the 
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read-out port 11b, by utilizing the empty address 
register tail 17 and one of read-out address regis- 
ters 151 -15m which is selected in accordance with 
a bit pattern given externally which indicates the 
priority level of the output data, as before. 

The arbiter 18 arbitrates conflicting requests 
when an input request and an output request oc- 
curred simultaneously by selecting one of the input 
request and the output request. In the following 
description of this embodiment, it is assumed that 
the output request is always given a higher priority 
than the input request, though this can be reversed 
if desired. 

The buffer status indicator 19 gives out a buffer 
full signal for indicating whether the buffer device 
has any memory capacity for accepting new data 
available, by comparing the bit patterns stored in 
the empty Address register head 16 and empty 
address register tail 17. 

In addition, the buffer status indicator 19 gives 
out buffer empty signal for indicating whether there 
is any data for output in each of imaginary FIFO 
queues formed inside the data register array 10 in 
correspondence with each priority level, by com- 
paring the bit patterns stored in each one of the 
write-in address registers 141 -14m corresponding 
to each priority level and each one of the read-out 
address registers 151 -15m corresponding to each 
priority level. 

The timing unit 1A provides pulse sequences 
indicating timings necessary to activate elements 
of the buffer device such as the write-in pulse 
signal and the clear pulse signal utilized in the 
administrative register array 1 1 described above. 

In this embodiment, the input data are entered 
into the buffer device in accordance with the flow 
chart of Fig. 3, as follows. Namely, first whether the 
buffer full signal from the buffer status indicator 19 
indicates full or not full is determined(step 101). If 
full, the input of the input data is postponed until 
the buffer full signal changes to not full. Otherwise, 
the memory capacity for accepting new data is 
available(step 102) so that the input request is 
given to the arbiter 18(step 103). Only when the 
input allowance is given from the arbiter 18(step 
104), the input data are entered into the data input 
unit 12(step 105) and then the input data are writ- 
ten into the data register array 10 by the data input 
unit 12(step 106), which completes the input of the 
input data. 

Also, in this embodiment, the output data are 
sent out from the buffer device in accordance with 
the flow chart of Fig. 4, as follows. Namely, first 
whether the buffer empty signal from the buffer 
status indicator 19 corresponding to the imaginary 
FIFO queue for a desired priority level for next 
output data indicates empty or not empty is 
determined(step 201). If empty, the output of the 



output data is postponed until the buffer empty 
signal changes to not empty. Otherwise, the data to 
be output data are present(step 202) so that the 
output priority level is given to the data output unit 

5 13(step 203) and the output request is given to the 
arbiter 18(step 204). Only when the output notice is 
given from the arbiter 18(step 205), the output data 
are read from the data register array 10 by the data 
output unit 13 (step 206) and then the output data 

io are sent out from the data output unit 13(step 207), 
which completes the output of the output data. 

Referring now to Figs. 5 to 18, a manner of 
setting up imaginary FIFO queues in the data reg- 
ister array 10 in this embodiment will be explained 

75 in detail. 

In Figs. 5 to 18, HEAD stands for the empty 
address register head 16, TAIL stands for the emp- 
ty address register tail 17, RPI stands for the read- 
out address register 151, RP2 stands for the write- 

20 in address register 152, WP1 stands for the write-in 
address register 141, WP2 stands for the write-in 
address register 142. In addition, a data register 
having a certain address in the data register array 
10 and a corresponding administrative register hav- 

25 ing the same certain address in the administrative 
register array 1 1 are depicted as a pair, and arrows 
joining the administrative registers represents 
pointer chains established between the administra- 
tive registers. 

30 Each of the administrative registers, read-out 

address registers, write-in address registers, empty 
address register head, and empty address register 
tail has a capacity for storing an address asso- 
ciated with each data register, so as to furnish a 

35 function of pointer. 

An address consisting binary zeros alone is 
reserved for an indication of the absence of the 
pair of data register and administrative register to 
point to, and is represented by a slash in a box for 

40 administrative registers, read-out address registers, 
write-in address registers, empty address register 
head, and empty address register tail. 

Here, for the sake of simplicity, the explanation 
will be given for a case involving only two pairs of 

45 read-out register and two write-in register in which 
two imaginary FIFO queues are to be constructed 
on the data register array 10, in which case there 
are two sets of pointer chains provided. 

Fig. 5 shows a state of the buffer device dia- 

so grammatically. Two imaginary FIFO queues are 
represented by boxes joined by two pointer chains 
starting from the read-out registers RP1 and RP2, 
and the last data register and administrative regis- 
ter pairs of the imaginary FIFO queues each of 

55 which has a slash in a box for the administrative 
register are pointed by the write-in registers WP1 
and WP2. The administrative registers associated 
with the empty data registers are also joined by a 
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pointer chain which starts from the empty address 
register head HEAD and ends at the empty ad- 
dress register tail TAIL 

Fig. 6 shows a situation of the input of new 
input data to the state of Fig. 5. which is done in 
the following sequence. 

First, the new input data are entered into the 
data register pointed by the empty address register 
head HEAD, indicated by a chain line A in Fig. 6. 

Then, the address stored in the administrative 
register associated with that data register to which 
the new input data has been entered is transferred 
to the empty address register head HEAD, as in- 
dicated by a chain line B in Fig. 6. 

Meanwhile, the original address stored in the 
empty address register head HEAD is transferred 
to the write-in address register WP1 which is se- 
lected in accordance with the priority level of the 
input data, as well as to the administrative register 
pointed by that write-in address register WP1, as 
indicated by a chain line D in Rg. 6. 

Finally, the address consisting of binary zeros 
alone is entered into the administrative register 
associated with the data register to which the new 
input data has been entered, as indicated by a 
chain line F in Rg. 6, so that this pair of the 
administrative register and data register becomes 
the end of the pointer chain for this imaginary FIFO 
queue starting from the read-out address register 
RP1. 

As a result, the state of the buffer device now 
becomes as shown in Fig. 7. 

There are two special cases which require 
somewhat different operations in carrying out the 
input of the input data. 

One of such cases is that in which the imagi- 
nary FIFO queue for a particular priority level has 
no entry, so that both of the write-in address regis- 
ter and read-out address register for that imaginary 
FIFO queue stores the address consisting of binary 
zeros alone, as shown in Rg. 8. This situation will 
be detected by the buffer status indicator 19 which 
produces the buffer empty signal for that particular 
priority level in response. 

In this case, the procedure for the input of the 
input data differs from that described above with 
Rg. 6 at the step indicated by a chain line D. 
Namely, in this case there is no administrative 
register pointed by that write-in address register 
WP1 to transfer the original address stored in the 
empty address register head HEAD to. Thus, in 
this case, the original address stored in the empty 
address register head HEAD is transferred to the 
write-in address register WP1 which is selected in 
accordance with the priority level of the input data, 
as indicated by a chain line D in Rg. 8, as well as 
to the read-out address register RP1 of the same 
imaginary FIFO queue, as indicated by a chain line 



E in Fig. 8, so that after this input of the input data 
both the write-in address register WP1 and the 
read-out address register RP1 point to the same 
data register to which the new input data has been 
5 entered, as shown in Fig. 9. 

Another case calling for the special operation is 
that in which all the data registers are filled up as a 
result of this input of the new input data, as shown 
in Fig. 10. 

to In this case, the procedure for the input of the 
input data differs from that described above with 
Fig. 6 at the step indicated by a chain line B. 
Namely, in this case the address stored in the 
administrative register associated with that data 

is register to which the new input data has been 
entered is transferred not only to the empty ad- 
dress register head HEAD, as indicated by a chain 
line B in Fig. 10, but also to the empty address 
register tail TAIL, as indicated by a chain line C in 

20 Fig. 10, so that after this input of the input data 
both the empty address register head HEAD and 
empty address register tail TAIL have the address 
consisting of binary zeros alone, as shown n Fig. 
11. This will subsequently be detected by the buff- 

25 er status indicator 19 which produces the buffer full 
signal in response. 

Fig. 12 shows a situation of the output of an 
output data from the state of Fig. 5. which is done 
in the following sequence. 

30 First, the data stored in the data register point- 
ed by the read-out address register RP2, which is 
selected in accordance with the externally given 
priority level of the output data, is taken out as the 
output data, as indicated by a chain line G in Rg. 

35 12. 

Then, the address stored in the administrative 
register associated with that data register from 
which the data has been taken is transferred to that 
read-out address register RP2 which has been se- 

40 lected, as indicated by a chain line H in Fig. 12. 

Meanwhile, the original address stored in the 
read-out address register RP2 is transferred to the 
empty address register tail TAIL, as well as to the 
administrative register pointed by that empty ad- 

45 dress register tail TAIL, as indicated by a chain line 
J in Rg. 12. 

Finally, the address consisting of binary zeros 
alone is entered into the administrative register 
associated with the data register from which the 
so output data has been taken, as indicated by a 
chain line L in Fig. 12, so that this pair of the 
administrative register and data register becomes 
the end of the pointer chain for the empty data 
registers. 

55 As a result, the state of the buffer device now 
becomes as shown in Fig. 13. 

There are two special cases which require 
somewhat different operations in carrying out the 
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output of the output data. 

One of such cases is that in which the imagi- 
nary FIFO queue for a particular priority level be- 
comes empty as a result of this output of the 
output data, as shown in Fig. 14. 

In this case, the procedure for the output of the 
output data differs from that described above with 
Fig. 14 at the step indicated by a chain line H. 
Namely, in this case the address stored in the 
administrative register associated with that data 
register from which the output data has been taken 
is transferred not only to the read-out address 
register RP1 for that imaginary FIFO queue of that 
particular priority level, as indicated by a chain line 
H in Fig. 14, but also to the write-in address 
register WP1 of the same imaginary FIFO queue, 
as indicated by a chain line I in Fig. 14, so that 
after this output of the output data both the read- 
out address register RP1 and write-in address reg- 
ister WP1 have the address consisting of binary 
zeros alone, as shown in Fig. 15. This will subse- 
quently be detected by the buffer status indicator 
19 which produces the buffer empty signal for that 
particular priority level in response. 

Another case calling for the special operation is 
that in which all the data registers are filled up 
before this output of the output data such that both 
of the empty address register head HEAD and 
empty address register tail TAIL stores the address 
consisting of binary zeros alone, as shown in Fig. 
16. This situation will be detected by the buffer 
status indicator 19 which produces the buffer full 
signal in response. 

In this case, the procedure for the output of the 
output data differs from that described above with 
Fig. 16 at the step indicated by a chain line J. 
Namely, in this case there is no administrative 
register pointed by that empty address register tail 
TAIL to transfer the original address stored in the 
read-out address register RP2 to. Thus, in this 
case, the original address stored in the read-out 
address register RP2 is transferred to the empty 
address register tail TAIL, as indicated by a chain 
line J in Fig. 16, as well as to the empty address 
register head HEAD, as indicated by a chain line K 
in Fig. 16. so that after this output of the output 
data both the empty address register head HEAD 
and the empty address register tail TAIL point to 
the same data register from which the output data 
has been taken, as shown in Fig. 17. 

Fig. 18 shows a state of the buffer device in 
which all the data registers are empty. In this case, 
all pairs of the data registers and the administrative 
registers are joined by a pointer chain starting from 
the empty address register head HEAD and ending 
at the empty address register tail TAIL, while the 
read-out address registers RP1 and RP2, as well 
as the write-in address registers WP1 and WP2 



store the address consisting of binary zeros alone. 

It is to be noted that in these operations of 
input and output explained above, the various steps 
involved can be carried out simultaneously, since 
5 the administrative register array 11 has a two port 
RAM structure involving the write-in port 11a and 
read-out port 1 1 b which can be operated indepen- 
dently. Therefore, this buffer device is suitable for a 
high speed buffer implementation. 
io When this buffer device is applied to the pack- 
et exchange system or communication system us- 
ing ATM, the data to be stored in the data register 
array 10 will be the packets or cells, respectively. 
In such a case, the priority levels may des- 

rs ignate the direction of transmission of the packets 
or cells such that the buffer device can be viewed 
as a packet switch or a cell switch. Moreover, in a 
communication system with ATM, when a plurality 
of input paths to the buffer device are provided and 

20 the directions of cells are taken for the priority 
levels, this buffer device can function as a type of a 
cell switch known as a shared buffering cell switch. 

As explained, it is possible to provide a buffer 
device capable of dealing with multiple priority 

25 levels in which the efficiency of the memory capac- 
ity utilization can be improved such that the priority 
levels can be handled at the higher efficiency with 
smaller memory capacities, and which is adaptable 
to a high speed buffer implementation, because 

30 each of the imaginary FIFO queues corresponding 
to different priority levels has flexible memory ca- 
pacity, so that even when the data for a particular 
priority level are more numerous than those for the 
other priority data, a memory capacities of the 

35 entire buffer structure will be utilized at high effi- 
ciency, and the procedure for controlling the imagi- 
nary FIFO queues can be executed in parallel. 

Besides those already mentioned above, many 
modifications and variations of the above embodi- 

40 ments may be made without departing from the 
novel and advantageous features of the present 
invention. Accordingly, all such modifications and 
variations are intended to be included within the 
scope of the appended claims. 

45 Reference signs in the claims are intended for 
better understanding and shall not limit the scope. 



Claims 

50 

1. A buffer device for receiving, temporarily 
storing and transmitting data accompanied by in- 
formation indicating a priority level of the data, 
where there is at least two distinct priority levels, 
55 the device comprising: 

data register array(10) including a plurality of data 
register means for temporarily storing the data, the 
data register means being divided into empty data 
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register means storing no data and as many num- 
ber of imaginary FIFO queues as a number of 
distinct priority levels, each imaginary FIFO queue 
being corresponding to each distinct priority level, 
and a number of data register means in each 
imaginary FIFO queue being flexible; 
administrative register array(11) for modifiably stor- 
ing the administrative information containing pointer 
chains specifying the imaginary FIFO queues in the 
data register array(10); 

data input means (12) for receiving new data, en- 
tering the new data into one empty data register 
means, and modifying the pointer chain specifying 
the imaginary FIFO queue corresponding to a prior- 
ity level of the new data indicated by the informa- 
tion accompanying the new data, such that the 
pointer chain is extended to include that one empty 
data register means into which the new data is 
entered at an end of that imaginary FIFO queue; 
and 

data output means (13) for taking out data stored in 
one data register means, transmitting the data, and 
modifying the pointer chain specifying the imagi- 
nary FIFO queue corresponding to a priority level 
of that data, such that the pointer chain is short- 
ened to exclude that one data register means from 
which the data is taken from a top of that imaginary 
FIFO queue; 

characterized in that the administrative register 
array(11) is comprised of two port RAM means 
having a write-in port(11a) through which the ad- 
ministrative information can be written into the ad- 
ministrative register array(11) and a read-out port- 
(11b) through which the administrative information 
can be read out from the administrative register 
array(1 1 ) which are independently operable; 

2. The buffer device of claim 1, wherein the 
data input means(12) and the data output means- 
OS) utilize, in modifying the pointer chain, write-in 
address register means(141-14m), provided in cor- 
respondence* with the imaginary FIFO queues, for 
indicating the top of each imaginary FIFO queue, 
and read-out address register means(151-15m), 
provided in correspondence with the imaginary 
FIFO queues, for indicating the end of each imagi- 
nary FIFO queue. 

3. The buffer device of claim 1. wherein the 
empty data registers means are also specified by a 
pointer chain stored in the administrative register 
array(11) and wherein the data input means(12) 
and the data output means(l3) utilize, in modifying 
the pointer chain, empty address register head 
means(16) for indicating a top of the pointer chain 
for the empty data register means, and empty 
address register tail means(17) for indicating an 
end of the pointer chain for the empty data register 
means. 

4. The buffer device of claim 1, wherein the 



priority levels represents directions of the data. 
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